This paper outlines research by the Defence Evaluation and Research Agency (DERA) on the development of a human factors questionnaire to assess the C-130J cockpit. The C-130J is an off-theshelf procurement that did not have a specific requirement, except company guidelines, for compliance with standards such as Military Standard 1472D, British Standard BS EN IS0 9241, Defence Standard 00-25 and Defence Standard 00-970.
However, as part of the human factors test and acceptance of the system, a cockpit assessment was needed to determine the overall level of compliance with these standards. This waS one element of a comprehensive human factors test programme that aimed to ensure that there were no significant areas of non-compliance that might adversely affect operational effwtiveness or health and safety at work. For this particular assessment, access to the C-130J was limited. To complete this task, a questionnaire was required to ensure that all avenues of human factors were properly assessed and recorded.
Due to the limited time available to complete the questionnaire, it was not possible for the assessor to go into great depths. A questionnaire was created using the standards, knowledge from DERA experts, and relevant literature. The questionnaire used a rating scale based upon the modified Cooper-Harper rating scale. However, other rating scales could be used in conjunction with the questions that were developed. The questionnaire was designed to assess areas such as: anthropometry, emergency procedures, vision and lighting, health and safety, display and control layout and design, as well as many aspects of screen layout.
During the assessment, the questionnaire proved to be a considerable asset in gathering the relevant information and prioritising human factors problems.
It was viewed by the assessor as an extremely beneficial design tool that could be employed, with modifications, to many other design applications.
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BACKGROUND
An article in Flight International (1) provided a brief history of the C-130 Hercules, outlining service with both military and commercial operators around the world since the 1950s. The article discussed the aircraft's roles of airborne assault (paratrooping), platform delivery of weapons and supplies, and freefall delivery of small, robust items. The article emphasised that the introduction of modem technology has now given the new C-130J another lease of life with a concentration on improving mission effectiveness. The heart of this improvement is a mission computer allied to electronically controlled engines and propellers, 1553B databus architecture and digital avionics.
As the C-130J is an off-the-shelf procurement, it had no specific requirement, except company guidelines, for compliance with a particular human factors standard. However, as part of the overall human factors test and acceptance programme, it was seen as important to undertake a human factors assessment which would systematically evaluate the extent to which the C-130J complies with existing standards. The aim was to ensure that human interfaces on the C-130J were largely compliant and did not have any defects that might affect operational effectiveness or health and safety. Therefore, standards such as Military Standard 1472D (2), British Standard BS EN IS0 9241 (3), Defence Standard 00-25 (4) and Defence Standard 00-970 (5) were used as a basis for this assessment. This work was undertaken by the Defence Evaluation and Research Agency (DERA).
A cockpit, like many human interfaces, is a complicated design involving many different human tasks and interactions. Errors are often costly from both a human loss and economic viewpoint. It is therefore critical that all attempts be made to minimise risk. A well designed and thought out interface will not only reduce risk but may improve operator situational awareness and reduce workload, thereby improving operator efficiency and effectiveness.
When assessing an interface from a human factors perspective, it is often necessary to use a comprehensive assessment tool. There are many such tools and techniques and much literature, e.g. Kirwan and Ainsworth (6), that can be consulted when considering assessment. There are also many human factors issues that need consideration, such as:
anthropometry, vision and lighting, and environmental issues. It is important for an assessor to understand the nature and functionality of the human interface in order to choose the most appropriate assessment tool.
As an additional element of the overall human factors test and acceptance programme, a single day was allocated to undertake the standards compliance assessment of the C-13OJ. Therefore, a systematic and broad assessment was conducted, with detailed questions only for specific subsystems. Through discussions it was decided that a questionnaire would be the most appropriate tool for the task. The questionnaire would be based on the appropriate human factors standards and cover most of the issues that needed consideration for this particular assessment. It was further decided that this questionnaire would use a 10-point rating scale based on Cooper-Harper (7). This decision was based on the familiarity of this scale within the military, and its use in other aspects of the project, For the purposes of the questionnaire a rating between 1-3 was viewed as satisfactory, 4-6 as advisory change, and 7-10 as a major deficiency.
THE QUESTIONNAIRE
DER4 undertook the task of developing the questionnaire. Information needed for this task was gathered by consulting relevant military and British standards, DERA experts and -human factors literature, particularly Ravden and Johnson (1989) (8) . Note that display Wdability) appears twice, since this issue is important both as a general and a specific display concern.
Human factors standards, literature and expertise were used to produce a set of questions for each category described above. Some questions did not use the rating scale as they were based on a measure or were openended, e.g. viewing distance. Adequate space was also provided for all questions to r m d any additional comments. A full list of questions is provided in Annex A.
DISCUSSION AND CONCLUSION
For the C-130J assessment the assessor was a military pilot (although in this case, ,the questionnaire was administered by a human factors expert who was available to answer any queries). Comments from the assessors using the questionnaire indicated that it was very comprehensive and easy to implement. The completed questionnaire was returned to DERA for review. The questions from the questionnaire were matched to the specific section of the standards concerned, for reference. Unfortunately, none of the information gathered through the C-130J assessment can be discussed in this article as the results are sensitive. However, use of the questionnaire enabled identification and prioritisation of issues that are now being addressed in the C-130J design. A DERA report on the C-130J assessment is due later this year. This report will outline the findings from the assessment and will be used to support recommendations for military aircraft release into service.
The questionnaire has the potential to be used for many applications of human interface assessment. However, modification both to the terminology and questions used may be required, as the outline provided in Annex A was designed specifically for the C-13OJ. The questionnaire is only one method of assessment and may not suit all requirements or may serve only as part of an overall assessment. It is important for the assessor to understand what is desired from an assessment and then choose the most appropriate assessment tool for the task.
The questionnaire was designed not just for the use of human factors experts. The information from the questionnaire can provide any assessor with knowledge of human factors areas (if any) that may be deficient. Within DERA, similar questionnaires have already been used, with success, in a number of programmes. The next stage in the design of the questionnaire is to convert the questions into a software tool. This would ideally provide a summary of the results, highlighting advisories and major deficiencies. But this is for the future. For each section the relevant human factors issues are outlined. When using this questionnaire for the assessment of a human interface, modification both to the terminology and questions used is likely to be required as the outline provided below was designed specifically for the C-13OJ.
GENERAL QuEsTION AREAS

Vision and lighting (Day and Night)
Describe the position of the sun, o'clock and elevation (deg).
Measure the minimum and maximum viewing distance from the eye reference point to the cockpit displays.
Rate the visibility of essential external devices and visual attention areas.
Rate the extent to which all display faces are perpendicular to the operator's normal line of sight and are no less than 45O from the normal line of si@ Rate the available lighting for reading documents such as maps and checklists.
Rate the extent to which there is any glare on the displays.
Rate the available lighting for reading cockpit displays.
Rate the degree to which panel lighting is balanced throughout the cockpit.
Rate the range of adjustability of cockpit lighting.
Rate the extent to which all frequently used displays are placed in the optimum visual zone (lS' either side of the eye reference point).
Rate the emergency lighting.
Overall, how would you rate the vision and lighting of the cockpit?
Night Vision Goggles (NVGs)
Rate the degree to which cockpit displays are compatible with night vision goggles (NVGs).
Rate the ability to reduce or extinguish lighting for NVG compatibility.
Whilst wearing NVGs, rate the amount of excess emissions of light from the displays Rate your ability to move your head without obstruction whilst wearing NVGs.
Rate the degree to which emergency lighting can be distinguished using
NVGs.
Rate the extent to which NVGs obstruct the HUD image, in the nonnal or HUD stowed position.
Controls
Rate the extent to which the operation of any control causes distraction from lookout duties.
Rate the positioning and guarding of controls to prevent inadvertent activation.
Rate the extent to which all controls are located adjacent to their associated display.
Rate the extent to which all controls are clearly identified in unambiguous terms.
Rate the extent to which there is consistency with the direction of control movementbetween the C-130K and C-13OJ.
Rate the extent to which the direction of movement of controls is intuitive and consistent with the related movement of the essociated displays.
Rate the level of tactile feedback provided from the controls.
Rate your ability to operate controls whilst wearing all expected gloves.
Measure any controls that appear to have inadequate spacing.
Is the force required to activate all controls adequate? If not, please masure.
Rate the extent to which any controls or hand d o n s for setting the control obscures the displays.
Rate the explicitness of the current and alternative states of controls.
Rate the extent to which controls are arranged and labelled in functional groups.
Rate the ratio of control to display movements (e.g. the amount of display movement associated with a related control movement).
Rate the m s a aocepability (e.g. movement rate, attention getting qualities, etc).
Rate the likelihood that the control size and shape coding will enable operation by feel alone.
Allocation of function
Are there any controls that are under manual control that should be under automated control! If yes, please describe Are there any controls that are under automated control that should be under manual control7lf yes, please describe.
Overall, how would you rate the allocation of function of the cockpit?
Displays (General information)
Rate the extent to which the display has a noticeable time lag.
Rate the extent that you can override computer generated information where appopriate.
Rate the extent that you can &owe the rate at which information is presented.
Displays (Consistency)
Rate the extent to which there are any inconsistencies between displays or within a display.
Rate the extent to which colours are used consistently throughout the displays.
Rate the extent to which symbols and other pidorial information are used consistently throughout the display.
Rate the extent to which the user interface is likely to be intuitive to you (based on your previous training and experience).
Is any information presented digitally that would be better presented in another way? If yes, please describe.
Rate the extent to which the format and method in which you enter particular types of information are consistent throughout the display i
Display (Readability)
Rate the readability of cockpit displays wearing glasses or sunglasses.
Rate the &gee to which any symbols do not appear to have enough contrast against the background Rate the ability to alter the brightness of the symbology for greater legibility.
User Guidance and support
Rate the documentation and user guidance associated with the system.
Rate the extent to which guidance provides an indepth, comprehensive description of the system Rate the extent to which the organisation of all forms of user guidance and support are related to the tasks that you carry out.
O v d l , how would you rate the user guidance and support of the displays?
Health and Safety
Rate the extent to which the cockpit provides protection in the event of the following errors: Rate the extent to which there are any annoying noises in the cockpit.
Overall, how would you rate the health and safety of the cockpit?
Emergency Information
Rate the extent to which all important emergency displays are located where they can be seen with a minimum delay, please describe, for all three cockpit seats (flying pilot, non-flying pilot and thiid seat).
Rate the extent to which all important emergency controls located where they can be seen and reached with a minimum delay, please describe. for all three cockpit seats (flying pilot, non-flying pilot and third seat).
Rate the extent to which all alertinglwarning *lays provide the operator with ahigh probability of detection.
Rate the extent to which there are any missing warnings.
Communication
Rate the clarity of intermmcommunicatiors.
Rate the conciseness and clarity of verbal signals (including emergency warnings).
Rate the degree to which these verbal signals are easily distinguishable from one another Do crewmembers have to raise their voices to be heard?
Thermal Environment
Rate the extent to which the temperature of the cockpit can be adjusted.
Rate any Nuclear, Biological, Chemical YJBC) ventilation procedures.
Rate cockpit airflow.
Rate the extent to which you can adjust cockpit airflow.
Rate the humidity of the cockpit.
Overall, how would you rate the temperature of the cockpit?
Anthropometry
Which relevant hand controls (including fire prevention equipment) are not within easy reach?
Which relevant rudder pedals and brakes are not within easy reach?
What relevant infamation is obscured (i any) by the control column?
Are any regularly used flight controls located aft of the shoulder?
Rate the extent to which all important controls are lccated whexe they can be seen and reached with a minimum delay.
Rate the degree to which all hand sizes (3rd to 97th %ile) can adequately control the throttle and yoke.
Rate the seats for comfoa.
Rate the seats for range of adjustibility.
Rate how accessible the emergency evacuation hatches are.
Overall, how would you rate the anthropometry of the coclqit?
SPECIFIC DISPLAY INFORMATION
Display name:
Display-readability
Rate the extent to which any text looks too small to be read in all flight conditions.
Measure and record the text size.
Rate the extent to which any text is S a l t to read for reasons other than size or brightness.
Rate the legibility of inverted text.
Rate the flasbblink rate.
Rate the extent to which there is any flicker on the display.
Rate the colour coding.
Rate the extent to which all symbols are recognisable.
Overall, how would you rate the text legibility of the display?
Display-screen layout
Rate the extent to which all important infamation is highlighted on the screen.
Rate the organisation of the information displayed on the screen.
Rate the extent to which all displays are clearly identified in unambiguous t e r n .
Rate the extent to which the display appears uncluttered.
Rate the acce@ability of de-clutter options.
Rate the extent to which the menus are organised logically (e.g.
probable sequence of events, functional or alphabetically).
Rate the extent to which infamation presented on the sueen is in the units you expect.
ate the extent that infamation presented on the meen is in a way that fits your view of the task.
Display-explicitness
Rate the extent to which instructions and promps clearly indicate what to do.
Rate the extent to which it is made clear what changes occur on the display as a result of an input or action.
Rate the extent to which there is always an appropriate system response to your input or action.
Where there are several modes of operation, rate the extent to which the system clearly indicates which modyou are currently in.
Rate the extent to which it is clear what you need to do in order to complete a task
Displays-appropriate functionality
To what extent does each screen contain all the infamation which you feel is relevant to the task?
Are you provided with all the options that you feel are necessary at any particular stage in a task?
To what extent can you quickly access all the infamation you feel you need for your current task?
Rate the capability to 'undo' an adion.
Where you can 'undo', rate the extent to which it is possible to 'redo' (i.e. to reverse this action).
Rate the extent to which you can chocse how to name and organise information which may need to be recalled at a later stage.
Rate the extent you can c h o w the rate at which infamation is presented.
Display-error prevention
Rate the extent to which the system informs you when infomation entered is out of range.
Rate the extent to which you are able to check what you have entered before it is processed.
Rate the extent to which it is easy foryou to correct errors.
Rate the extent to which all errors are detedable in time and can be m e c t e d quickly.
Rate the extent to which the infamation displayed is sufficiently accurate.
Rate the extent to which the system prevents you from taking actions that are invalid.
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